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Improvements in or relating to Well-Flow Control Devices 



We, Sun Oil Company a Corporation 
organized under the laws of the State of 
New Jersey, United States of America, of 
1608 WaUiut Street, Philadelphia 3, Penn- 
sylvania, United States of America, do here- 
to declare the invention, for which we pray 
that a patent may be granted to ns, and the 
method by which it is to be performed, to 
be particularly described In and by the fol- 
lowing statement: — 

This invention relates to a wdl-fiow con- 
trol device useful in the production of hydro- 
carbons from wells, and more particularly 
to a tool for enabling the production of wdl 
fluids from a plurahty of formations pene- 
trated by a well, or in other words, a mul- 
tiple completMm tod!. 

In well drilling practice, a single well may 
penetrate a plurality of formations whidi 
contain oil or gas. It is often desirable^ in 
sudi cases, to complete the well for simul- 
taneous production from more tiian one of 
the formations penetrated. The conventional 
procedure for doing tiiis is to effect a dual 
completion, with tiie flow from a lower for- 
mation or zone taking place through the well 
tubing, and die flow from a higher forma- 
tion or zone taking place through die annulus 
between the tubing and casing. Chokes are 
provided at the surface (well head) for 
separately regulating the rates of flow of the 
the two streams, to conform to the allowaUe 
production rates for each zone. 

The foregoing method of dually com- 
pleting a well is unsatisfactory, for several 
reasons. Production through the annulus is 
bazardoiis, due to the fact that die fluid 
stream tends to cause corrosion and erosion 
of the casing, thereby allowing the possibility 
of a blow-out, or subterranean loss of hydro- 
carbons to an upper formation. A^, when 
It becomes necessary to utilize gas lift to 
effect flow from the formations, & gas lift 
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can be applied for only one zone at a time, 
and that only in an efficient manner; con- 
sequentiy, both production strata cannot be 
depleted simultaneously. In many cases, this 
results in large quantities of otherwise re- 
coverable oil being left in the resenroirs. A 
further unsatisfaaory condition arises when 
the annulus zone (the higher zone) begins to 
produce salt water. Due to inefficient flow 
in the annulus, salt water accumulates there- 
in, and thus loads up the well and stops the 
oil flow. Production from that zone then is 
generally abandoned. Later anempts to pro- 
duce from such zone, after the other zone 
has become depleted, often fail to restore the 
production. Still another drawback in con- 
ventional dual completions is that paraffin 
often tends to accumulate in tiie aimulus; 
such accumulations are difficult to remove. 

According to the present invention there 
is provided a well-flow control device adap- 
ted to be positioned in well tubing for con- 
trolling tiic flow of a fluid into the tubing 
from a producing formation, comprising an 
outer housing^ having an opening for com- 
munication with the interior of said tubing; 
means carried by the housing for retrievably 
locking the same at a predetermined location 
in the tubing, packing means for closing die 
annular space between the bousing and tub- 
mg above said opening, said housing having 
an internal flow diannel extending upwardly 
from its opening; an iimer housing having 
an intenial fluid flow passage for communica- 
tion with said flow channel and with the in- 
terior of said tubing above said packing 
means; means carried by the inner housing 
for retrievably fastening the same in position 
in said outer housing but allowing the with- 
drawiTof the inner housing without the de- 
vice from the well. The opening may either 
be across the lower end of the outer housing 
or be a side part. 
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Accoidiag to another aspect of the present 
invention provides a flow control device com- 
prising a main flow control device and an 
ausiliary flow control device which can be 
5 removed from the main flow control device 
without removing the latter from the well, 
for a well flow conduaor having a longitudi- 
nal flbw passage and a first lateral 
port communicating widi the flow 
10 passage intermediate the ends^ thereof, 
the main flow control device including: 
an elongate mandrel podiioned in die well 
flow conduaor and provided with aii internal 
flow passage for communicating at its upper 
15 end with the flow passage in the wdl flow 
conductor and with a second lateral port 
intennediate the ends of the mandrel for 
communicating wi A the csterior of the man- 
drel and said imemal flow passage and with 
20 said first lateral port; seal means carried by 
the mandrel for sealing between the well flow 
conductor and the mandrel below sa id lat eral 
ports, said mandrel having an aperture for 
communicating with the flow passage of the 
2$ wdl flow conduaor below the seal means; 
means carried by flic mandrel pennitting 
flow in one dirccdon only into the internal 
flow passage of the mandrel through said 
seccmd lateral port and said apermre; the 
30 auxiliary flow comrol device being rcleasably 
sccuratde to the upper end of the mandrel 
and having means extending into said inter- 
nal flow passage providing with said internal 
flow passage, when the ancillary flow control 
35 device is secured to the main flow control 
device, a first flow passage communicating 
with said second lateral ^ ort of the mandrel 
and openmg upwardly rato the well flow 
conductor above said first lateral port and 
40 provijing a second flow parage commtmica- 
ting with said aperture and opening upwardly 
into flie well flow conductor. 

An objea of this invention is to provide 
new and improved means for conrolcting a 
45 virdl for simultaneous production mjm two 
of moi« zones (a well tnown as a '*muldple 
completion'*), v?hile avoidUng the disadvan- 
tages of conventional dual completions, such 
as those described above. TTie coostzucdoa 
50 of die device or tool of the present in vention , 
while avoiding the disadvantages of cwrven- 
tional dual completions, provides additional 
advantages. Among the lauer may be men- 
tioned the eJimination of any possibility of 
do^ng of the diohes by foreign matter, the 
etimination of any possibility of erosion of 
tool parts by hi^-velocity flow through die 
chokes, and the improvwi corrosion resis- 
tance of the chedc valves used in the tool. 
60 Opetarion of a weD accordmg to the in- 
vention involves the use of a two-part or 
two-piece flow control device, hereinafter 
described, vAich is positioned in the wdl 
tubing adjacent one of the producing forma- 
6^ f cns Hiiids from the fotmations pass as 



separate streams throu^ the flow control de- 
vice and ihereifter commmglc in the tubing, 
and flow from the tubing at the well head as 
at single stream. The flow control device 
contains choke means which, in addition to 70 
its normal production-limiting function, 
causes a fluid stream from a zone of higji 
pressure to under^ a ^rp pressure drop 
prior to commingling with another stream. 
The resulting pressure reduction causes or 75 
facilitates the flow of fluids from one or more 
of the zcncs of relatively low pressure. 

The two-piece flow control device corn- 
prices: (1) an outer bousmg, which is re- 
trievably locked at a predetermined location 80 
in the tubing (by means of a landing mpple 
provided in the tubing); and (2) an inner 
housing which is retrievaUy fastened hi the 
outer housing. The outeifaousing has two 
separate internal flow channels which arc 95 
oc&pted to communicate, respectively, vdth 
the two producing zones or formations, and 
this housing loounts a check valve in each 
channel. TTic iimer housing provides two 
separate internal fluid flow passages which 9C 
cammunicate, respectively, with the flow 
channels of the outer housmg, and mounted 
in the upper end of this mner housing are 
two chokes one for each fluid flow passage. 
For ccntr oiling the flow of fluid from a smgle 95 
formation or zone^ tiie inner housing would 
be provided with only one fluid flow passage, 
and one dioke. 

A detailed description of the inventton 
follovTs, taken in conjunaion with the accom- 100 
panying drawings, wherein: 

Fig. 1 is a schematic representation of the 
device or tool of the invention in position in 
a well; 

Figs. 2A, 2B, 2C and 2D togctiier con- 105 
stitute Fig. 2, which is a detailed view, parriy 
in section, of the tool of the mvcntion in its 
operative position, but dissociated from a 
weU; 

Fig, 3 (in two parts) is a partial view simi- 110 
lar to Fig. 2, but showmg the mner housmg 
in its unlocked or puUmg position; and 

Figs. 4A, 4B, 4Q and 4D togctiier con- 
stitute Fig. 4, vdiidi is a view sunilar to Fig 
2 bnt illustrating another embodiment of the 115 
invention. . 

Referring first to Fig. 1, whidi is a some- 
what schematic representation illustrating tiie 
invention, a well has a casing 10 which has 
been cemented in place in the usual manner. 120 
The wen traverses two production zones 
(producing formations), illustrated as an up- 
per 2^ne A and a lower Zone B, which rnay 
be either gas or oil formations. The casing 
has been perforated for production from both 125 
zones, as illustrated by perforations 11 ad- 
facent Zone A and perforations 12 12 ad- 
jacait Zone B. A tubing string 13 is posi- 
tioned in the casing, and the annidus there- 
bctww is dosed oft near the bouom of the 13Q 
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tubing by means of pa^cr 14, which latter 
prevents conununication between the two 
2ones by way of the casing-tubing annulus. 
The tubing carries a landing nipple assembly 

5 15 (to be described in detail hereinafter) in 
which the outer assembly 16 of the flow con- 
trol device is retrievably lockedj m a manner 
to be described hereinafter. The landing 
nipple assembly 15 is positioned adjacent 

10 Zone A, and contains ports 17 (locaied above 
padcer 14, and communicating with the 
casing-tubing annulus) for receiving fluid 
from this 2one. 
It should be apparent that another piacker 

15 (not shown), similar to pacJcer 14, would be 
pzoytded above ports 17, to seal the casing- 
tulnng annulus above these ports and to pre- 
Yent the flow of fluid from Zone A to the 
surface by way of this annuhis. Suitable 

20 packeis for these casing-tubing annulus seals 
or dosnres are described in detail in United 
States Patent No. 3,022, 828, dated February 
27, 1962. 

Tlic outer assembly or boudng 16, which 

25 may be located and locked in nipple assembly 
15 by means of wire line equipment^ forms 
an annulus 18 with the landing nipple 
assembly 15, This outer housing contems 
upper side ports 19 for passage of fluid from 

30 Zone A, and lower side ports 20 for passage 
of fluid from Zone B. Ports 17 and 19 com- 
municate with annulus 18, and ports 20 com- 
municate with the interior of die tubing 13. 
Upper packing means 21, positioned in an- 

j5 nulus 18 above ports 19, and lower padang 
means 22, positioned in annulus 18 between 
ports 19 and 20, prevent fluid flow along 
the annulus 18 and force the fluid from the 
uppCT Zone A to flow througji ports 19 into 

40 housing 16; paddng means 22 also forces 
the fluid from the lower Zone B to flow 
duough ports 20 into housing 16. 

The upper side ports 19 define one end of 
a first internal flow diannd which extends 

45 upwardly (in outer housing 16) from such 
side ports. A resilient sleeve-type check valve 
23 QUustrated schematically in Fig. 1, but to 
be described more completely in connection 
with Fig. 2) is positioned in tl^ flow chan- 

50 nd, to prevent backflow of fluid towaid the 
upper Zone A. The lower side ports 20 de- 
fine one end of a second internal flow chan- 
nel which eKtends iq)wanily (in housing 16) 
from such side ports. A ledhent sleeve-type 

55 check vahe 24 is portioned m this second 
flow channd, to prevent badcflow of fluid 
toward the lower Zone B. 

The lower end of outer housing 16 has 
therein an equalizing valve member 25 whidi 

60 is normally in a position such as to seal the 
lower end of this housing. The lower end of 
tubing 13, bdow padcer 14, is open or is 
ported, as indicated by dotted 1^ 27 in Fig. 
1, so diat fluid from Zone B can flow through 

65 casing perf oiations 12 and into the mterior of 



tubing 13, as indicated by the arrows 26, and 
thence can flow upwardly hi the tubing and 
thrcugh housing ports 20 and past checSc 
valve 24 into the interior of housing 16. The 
series of arrows 26 thus indicates the lower 70 
zone flow path. 

A so-called "blast joint*' 28, providing a 
spedal abrasion-resistant surface, couples the 
lower end of nipple assembly 15 to the ad- 
jacent section of tubing 13, in a region hori- 75 
zontally aligned with casing perforations 11. 
A flow coupling 29 couples the upper end of 
nipple assembly 15 to the adjacent section of 
tubing 13. Thus, it may be seen that the 
landing nipple assembly 15 in effect serves go 
as a spedal section of tubing inserted in the 
tubing string. Fluid from Zone A flows 
through casing perforations 11 and into the 
casing-tubing annulus, as indicated by the 
arrows 30, and dience upwardly in this an- 85 
nulus and through tubing ports 17 and hous- 
ing ports 19 and past check valve 23 into 
die interior of housmg 16. The series of 
arrows 30 thus indicates die upper zone flow 
path. 9Q 

Summarizing the description thus far, vwth 
the outer housing 16 run and locked in place 
in nipple assembly 15, production from each 
zone can separatdy enter the housmg, but 
communicatioQ beuveen zones is prevented 95 
by the resilient dicck valves 23 and 24. 

An inner housmg 31, which may be termed 
an orifice head assembly, is retncvably fes- 
tened in podtion in the outer housing 16, m 
amanner to be fully described hereinafter. lOO 
The mncr houdng is run sqtarately firom 
outer housmg 16, by means of wire line 
equipment, and seats in the running neck of 
the outer housiag; this will become dearer as 
the descrqjtion proceeds. The iimer housing 105 
31 forms an annulus 32 witfi the outer hous- 
ing or assembly 16. Upper pactog means 
33, carried by housing 31, schematically seals 
annulus 32 above housing ports 19, while 
lower packing means 34, also carried by no 
housing 31, seals annulus 32 below ports 19. 
The inner housing or orifice head assembly 
31 has two separate internal fluid flow pas- 
sages, each of which terminates in a respec- 
tive choke bean mounted at the upper end 115 
of this assembly. 

More specifically, one fluid flow passage 
(denoted generally by numeral 35) opens 
into or c ommuni cates with the interior of 
outer houang 16 bdow the lower packing 120 
means 34, as indicated by dotted fines 36. 
Passage 35 extends upwardly through hous- 
ujg 31 and terminates in a choke means 
(caibide-faced diokc bean) 37 at the upper 
end of housing 31. Passage 35 thus forms a 125 
continuation of the lower Zone B flow path 
26, and the production rate from the lower 
Zone B is controfled by choke 37, 

The other of the two fluid flow passages 
(in inner housing 31) previously referred to 130 
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communicates vrith the amiulus 32, as 
sdiemadcally illustrated at 38, mends up- 
wardly through housing 31 (sq)aratcly from 
passage 35), and tcrarinates in a choke means 
5 (caibide-faccd choke bean) 39 at the upper 
end of housing 31. Chokes 37 and 39 are 
parallel to each other, and they are both 
located at and mourned m the top of housing 
31. It may be seen that fluid from the upper 
10 Zone A flows past check valve 23 mto the 
annulus 32. The last-mentioned flow passage 
forms a ccntinuaiion of the upper Zone A 
flow path 30, and the production rate from 
the troper Zcuie A is controlled by choke 39. 
15 It may be seen, from the foregoing, that 
separation of the producdon from the two 
Zones A and B is maintamed prior to die 
chokes 37 and 39, so that the initial pomt 
of commmgjing of the two streams is just 
20 downstream from the choke beans 37 and 39, 
i.e* just above Aese two beans. Above or 
downstream from the choke beans, the two 
fluid streams commingle, and commingled 
flow to the surface takes place upwardly 
25 dirou^ the tubing string 13. , 

The pressure at the pcnnt of ommun^mg 
(just downstream from the choke beans 37 
and 39), yriadx is a function of gas^iquid 
ratio, producdon rate, and tubing size, need 
30 be only that required to lift the comWncd 
(commingled) fluids to the surfece. That is 
to say, energy is xdeased at this point of 
commsn^g. It is therefore posable, in 
many wells, for die weaker (pressure-v/isc) 
35 zone to enter the tubing» even though hs 
reservoir pressure may be considerably lower 
than the od^er. 

In order to determine how much eadi zone 
contributes to the combined or commmgjed 
40 flow streamy a separate test of one zone can 
first be made, blanking off production 
from the odier with a plugged dioke bean. 
This determines the producdon rate from 
said one zone. A test may then be made with 
45 both zones (sands) producmg, die increase in 
production being credited to the zone not 
tested sqwratdy. In order to change chokes 
to make such tests, or to change production 
chokes should tijis become necessary, all that 
50 is required, with the tool of this mvention, is 
to pull the inner housmg (orifice head 
assembly) 31, by means of wire line equip- 
ment, while leaving the outer housung 16 m 
place. This is a very simple wire-line opera- 
55 tion, a routine operation in the hands of an 
espeiienced wire-line operator, and thus^one 
which requires a minimum amount of time. 
When the inner hoosm|f 31 is pulled in this 
manner, the outer hcusmg 16 remains in the 
60 well, separation between tiie zones then being 
maintained by means of ched: valves 23 and 
24, and pa<tes 21, 22, and 14. 

It is pomted out that bodi of the chokes 
37 and 39 are in the same single assembly 
65 (to wi^ housing 31). It is often desirable to 



change the choices controlling cadi of the two 
zones, and to do so at the same time. Utiliz- 
ing the construction of this invention, this 
can be accompli^ed in one operation, by 
pulling the housing 31 from tiie wdL 70 

Ii is also pomied out that when the outer 
bousing 16 is left in the well in this manner, 
while pulling the inner Iwusing 31, nothing 
that contacts the mbing is moved or dis- 
turbed, which means tteit there can be no 75 
possible damage to the tubing. This feature 
is quite important, particularly when plastic- 
coated tubmg is employed in the well. 

When the two chokes arc mounted parallel 
to each other and at the top of the tool, as 80 
described, the flow from the chokes is ver- 
tically upward and is unobstructed, and there 
arc no metal surfaces exposed to the flow 
from the chokes (and therefore, there arc no 
such surfaces subject to rapid erosion, with 85 
consequent failure of the tool). 

Fig. 2 is a detailed view, partiy in section, 
of the tool of the praent invention, both the 
omer and inner housings being illustrated in 
their operative posititms, but the casing and 90 
well being omitted for simplicity. The con- 
formity of Figs. 1 and 2 will become ap- 
parent as the description proceeds. 

The elongated outer housing 16 carries at 
its top a running neck 40 in which the inner 05 
housing or orifice head assembly 31 seats. 
This running neck is mt^ral with or fixedly 
secured to ^e outer housing 16, this housing 
also having a pulling neck 41 which is slid- 
able tiiereon. Latching or locking means, com- 100 
prising a plurality of spaced dogs 42 which 
are pivotally attadied to pulling neck 41, arc 
provided for securing the outer housing 16 
m place in the upper or landing nipple por- 
tion 15a of a three-part landing nipple 105 
assembly 15, which latter may be, for ex- 
ample, an "Otis Type S Side-Door Choke 
Landing Nipple Assembly". The landing 
nipple assembly 15 comprises the landing 
nipple portion 15a, previously referred rp, 110 
a poned collar 15b threadedly secured at its 
upper end to the lower end of pottfen 15a, 
and a polish nipple 15c threadedly secured 
at its upper end to the lower end of collar 
15b. The portion 15c is provided with 115 
threads at its lower oad, for coupling to lower 
tubing sections (not shown) of conventional 
constniction, ^Aaie portion 15a is threadedly 
connected at its upper end to a conventional 
tubing collar 43, and by m^ns of this laner 120 
collar to upper tubing sections (not shown) 
of conventional constmction. The landing 
nipple assembly 15 is located in die tubing 
string as to be adjacent to Zone A (see Fig. 
1). ^ 

The dogs 42 arc pivotally suspended from 
pulling neck 41, by means of an inwardly- 
extending cylindri<al boss at the lower end 
of ncdc 41 which fits into a matchmg recess 
provided at die upper end of each of the dogs 130 
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42. The inner surfaces of these dogs ate posi- 
tioned against a beveled or tapered portion 
of the body of housing 16, as indicated at 
44, this tapered portion increasing in 
5 diameter toward its lower end The dogs 42 
move YcracaHy with nedk 41, so that the in- 
ner surfaces of the dogs are slid^le on the 
tapered surface 44; therefore, downward 
moveznent of the dogs relative to the tapered 
10 surface 44 causes the dogs to move out- 
wardly. Dojs 42 are adapted to enter a 
cylindrical recess 45 of limited length pro- 
vided in the landing nipple 15a. The latch- 
mg or locking means here described is quite 
15 Blmilar to that disclosed in Miller U.S. Patent 
No. 2,673,614, dated March 30, 1954. 

Below dogs 42, the outer housing 16 carries 
a set of spring-loaded keys 46 whidi are 
mounted around the housing. These keys re- 
20 semble an ordinary door key and are "pro- 
filed" to match with an identically-sha]^ 
locating recess 47 madiincd widun the bore 
of the landing nipple pordon 15a, 
Before proceedmg to a description of the 
25 flow controlling pordons of the tool, the 
operation of the landing and loddng means 
for the outer assembly or housing, which 
means has just been described) will first be 
explained. This landing and loddng means 
30 comprises means for retrievably loddng the 
outer housing at a predetermined location in 
the tubing. When the outer housing 16 is 
ready to be insened into the well, the same 
is Icwcrwi into well tubing 13 (see Fig. 1) on 
35 a wire lincb by means of a suitable running 
tccl which attaches to running nedc 40. This 
running tool may be of a type known m the 
art The running tool (not &own) grips the 
housmg 16 in such a way that running nedc 
40 40 and pulling nedc 41 arc hdd together. In 
other words, tiie upper part of tfe pulling 
nedc 41 is hdd hi^er than shown on the 
nmning neck 40 by the running tool, as the 
housing is lowexx^d. This means that the dogs 
45 42 will ride higher on the tapered portion 44 
than shown in Fi^. 2. 

The houanig with keys 46 will pass down- 
wardly until it reaches landmg nipple por- 
Krt which has a recess 47 such as to 

50 matdi keys 46. When the outer housing 16 
reaches this landing nipple portion, the 
spring-loaded keys 46 "sdert" the matching 
recess 47, and noove outwardly into this 
identically-shaped recess. This prevents fur- 
55 ther lowering of the outer housing. The wire 
line is then manipulated in such a way that 
the "jars", which are run just above tfie run- 
ning tool, impart a downward hammer ac- 
tion to the housing. This shears a pin widiin 
60 the running tool and frees the pulling neck 
41 for movement downwardly, allowmg the 
dogs 42 to fall fredy and move down the 
tapered_ portion 44, into the locking position 
shewn in Fig. 2. Upward |aring then drives 
65 Ac tapered portion 44 uprordly, sliding diis 



portion upwardly against the dogs 42 and 
fordng them into loddng position in recess 
45, as shown in Fig. 2. This lodes the outer 
bousing 16 fast in landing nipple portion 15a. 
Additional parring i^ard^ then rdeases 70 
the running tool, which is whhdrawn from 
the weU on the wire line. 

The outer housing 16 ordinarily remains 
in position in the well at aU times, and does 
not ordinarily need to be removed therefrom. 75 
However, when removal thereof is necessary 
(for example^ in order to rq>air or re|rface 
the dieck valves), the outer housing may be 
pulled from the well by means of a pidling 
tool known in the art. 80 

The landing, or locating, and locking 
mechanism just described is enthrdy conven- 
tional, so further description thereof does not 
appear to be necessary. For funher details 
of such mechanism, reference may be had to 85 
the Miller patent, previously mentioned. 

The runnmg nedJ 40 is hollow, as is the 
outer housing 16^ so that a continuous bore 
extends from end to end (longitudinally) of 
this outer housmg. TTiis bore is open at its 90 
upper or nmning neck end, but is dosed at 
its bwcr end by means of a plug or equaliz- 
ing wive member 25 which carries a sealing 
O— ring 48 in a groove in hs outer surface; 
O— ring 48 makes sealmg contact with the 95 
mner cylindrical wall of housing 16. Member 
25 is ordinarily maintained in position at the 
lower end of housing 16, by means of a shear 
pin 49 which extends through the wall of 
housing 16 into member 25. The normal 100 
position of member 25 (as maintained by 
shear pm 49) is such that O— ring 48 is 
located above a plurality of radially-extend- 
ing ports 50 which extend through the side 
wall of housing 16. When it is desired to 105 
withdraw outer housing 16 from the well, 
a "jar** and pulling tool are lowered into the 
tubing by means of a wire line, and manipu- 
lated 10 drive member 25 downwardly so as 
to shear die pin 49. When pin 49 is so no 
sheared, member 25 moves downwardly 
within the housing 16 a distance such that 
0-ring 48 moves bdow pcrts 50, tiiereby 
opcnii^ conununication (by way of ports 50) 
between the lower end of housing 16 and the 115 
surroundmg fluid. This causes an equalization 
<rf pressures between the interior and esterior 
cf housing 16, so that housing 16 can readily 
move upwardly in the well, once this housing 
IS unlocked from die landmg nipple portion. 120 

In a repon of outer housing 16 above 
member 25, a plurality of narrow dongated 
slots 20 (dongated m tiie drcumferential 
direcuon of the housing) are cut through the 
outer wall of tiiis housing. These slots arc 125 
made narrow (in the vertical direction) to 
serves as screened side ports in die wall of 
the cuter housing; the vndxh (vertical) dimen- 
sicn cf these slots will be furiher referred to 
heremafter. ta^ 
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Fluid from the lower Zone B (Fig. 1), 
which enters the casing by way of perfora- 
tions 12 and which flows upwardly through 
tubing 13 from the lower open end thereof or 
5 from ports provided in the tubing can flow 
aiT^d the outside cf outer housmg 16 (at 
the lower end of this housing) and can flow 
into the interior of this housing by way of 
die houfibg side ports 20, A sq)arate internal 
10 flow diaimel extends upwardly ftcm the side 
pons 20. This flow diannd includes an an- 
nular channel 51 in outer housing 16 and a 
plurality of inclined bores 52, which latter 
communicate at ^eir lower ends with the 
15 upper end (A disnnd 51 and at tlicir upper 
ends widi the interior of housing 16. 

A resilient sleeve-type check valve mem- 
ber 24 is positioned in annular channel 51» 
to prevent back-flow of fluid tbrougb^ ^de 
20 ports 20. Any datwnward flow of fluid in 
chaimel 51 causes the upper edge of valve 
24 to move outwardly against £e radially- 
outer dde of this channel, thereby covering 
or sealing off ports 20 from radially-outward 
25 flow. The check valve should be constructed 
of a tougih material^ such as **Neoprene" 
(Registered Tiade M&tk), ^Urethane", 
•Teflon" (Registered Trade Marie), etc 
which is unaffected by well fluids and wiiich 
30 has sufficient fiodbility for movement of the 
upper edge therof outwardly against the 
outer side of diannel 51. Such material is 
highly resistant to abrasion by sand or other 
materials which mav be present in the well 
35 fluids, and is also highly resistant to corro- 
sion by corrosive liquids whidi may be 
present in such fluids. It is pointed out that 
resilient dieck valves of this type have been 
proven in service to have a long life^ in faa 
40 very tong as compared to other types of check 
valves, such as metal ball-check valves. 

Above bwes 52, the outer housing 16 car- 
ries a packing member 22 which engages the 
inner cylindrical wall of polish nipple 15c,^ to 
45 seal of^ the annulus between mc kmding 
nipple assembly 15 and the outer housing 16. 

Above packing member 22 the ported 
cellar 15b is provided with a fdunOity of 
rodiaOy-CEtending ports 17 which provide 
50 commuiucatiQD between the casing-tubing 
annulus (see Fig. 1) and the nipple assembly- 
outer housing annulus 18« Fluid from the 
upper Zone A, which flows into the casing- 
tubing annulus by way of perforations 11 
55 (Rg. 1), flows throu^ ports 17 mto annulus 
18. In the vicinity of ports 17, a phn:ality of 
narrow elongated slots 19 (elongated in the 
circumferential direction of the housing) are 
cut dirough the outer wall of outer housing 
eO 16. These slots arc made narrow the vcr- 
. deal direction) to serve as screened ade ports 
in &e wall of the outer houdng; the width 
(vertical) dimension of these slots will be fur- 
ther referred to hereinafter. 
63 A separate int^ral flow channel extends 



upwardly from the side ports 19. This flow 
channel includes an annular channel 53 in 
outer housing 16 and a plurality of inclined 
bores 54, which latter communicate at their 
lower ends with ilie i^per end of channel 70 
53 and at tiicir upper ends with the interior 
of outer housing 16, in the region of an- 
nulus 32. 

A resilient sleeve-type check valve member 
23, exactiy simOar in constnicdoa and 75 
material to valve member 24> is portioned in 
axmular diannel 53, to prevent backflow of 
fluid throu^ side pons 19. 

It may be seen that valve members 23 and 
24 are both carried by cuter housing 16, and (k'> 
are thus bo^ maintained in position even 
when inner housing (orifice head assembly) 
31 is pulled or removed from the well, tiic 
outer bousing 16 remaining in the well at 
this time. Therefore, separation between the 85 
two producing 2ones is maintained at all 
times, even when the chokes are being re- 
placed for test or repair purposes. 

Above ports 19, the omcr housing 16 
cames a packing member 21 whidi engages 90 
the inner cylindrical wall of landing nipple 
portion 15a, to seal oi! the annuhis between 
the landing nipple assembly 15 and the outer 
housing 16. 

llie inner housing or orifice head assembly 95 
31 is a member separate from outer housing 
16, and is retrievably fastened in position in 
such outer housing in a manner to be fully 
described hereinafter. Housing or assembly 
31 comprises an upper substantially cylindri- 100 
cal main body portion 55 to which is secured, 
as by means oi weldment 56, a prong-like 
axial downwardly-extending tubular mem- 
ber 57. The interior of tubular member 57 
provides the fluid flow passage 35, which was 105 
previously referred to in connection with Fig. 
1. When inner housing (orifice head 
assembly) 31 is in position in omer housmg 
16, lobe 57 extends downwardly within outer 
hmishig 16, tills tube being smsdler in outside 110 
diameter than the inside diameter of liousing 
16, thereby to leave an annular space 32 
between this tube (portion of inner housing 
31) and outer housing 16. T\ibe 57 extends 
down to a point bdow the ports 54, and the 1'5 
lower end of this tube, belcw the pons 54 
in housing 16, is edarged somewhat in 
diameter and carries a pair of 0-rings 34, 
to provide a seal between the outer surface 
of this mbe and the inner wall of housing 120 
16. 0-iings 34 comprise a packmg means 
which delimits the lower end of annulus 32, 
and seals annulus 32 below ports 19 and 54. 

The extreme lower tip of tube 57 is 
taperod, or made somewhat fmsto-conical in 125 
configuration, to facilitate or ensure the 
entry of the Icxrcr end of this tube into die 
upper md of running neck 40 of outer hous- 
ing 16, whoi the inner housing 31 is being 
run into the outer housing 16. At its tip> 130 



tube 57 is provided with a i^urality of in- 
clined boxes 58, which communicate at their 
lower ends with the interior of housing 16 
bdow paddng means 34 and at their upper 
5 ends with the interior of tvhe 57, i.e. with 
the fluid flow passage 35. It should therefore 
be appareni that the internal fluid flow pas- 
sage 35 (interior of tube 57) communicates 
(by way of boxes 58) with the outer housing 
10 flow diannel 51, 52. Fluid from the lower 
Zone B thus flows into tube 57 by way of 
adc pons 20, channel 51 (past valve 24), 
bores 52> the interior of outer housing 16, 
and bores 58. This fluid flows upwardly in- 
15 side tube 57 ^)assage 35). 

At weldment 56» an clfset channel 59 is 
coupled to the upper end of tube 57, chan- 
nel 59 leading upwardly through the body 
55 of the inner housing (orifice head 
assembly) to the lower end of a xq)kceable 
choke 37 having a caibidfr>faced throat 60. 
Choke 37, through ^Mch all die fluid from 
the lower zone thus passes, controls the rate 
of flow of this fluid. Choke 37, whose Aroat 
25 or passage 60 extends longitudinally of body 
55, is held in position at the upper end of 
imicr Innising 31 by means of a tlueaded nut 
61, which has an axial opening tlierethrough 
and which threads into a tapped aperture at 
33 the upper end of housing 31. 

In the body portion 55 of inner housing 
31, there is provided a short sleeve 62 which 
surrounds but is space from tube 57. This 
sleeve carries a pair of O-rings 33, to pro- 
35 vide a seal between the outer surface of the 
sleeve and the inner wall of the running neck 
40 of outer housing 16. In effect, then, the 
orifice head assembly 31 seats in the running 
neck 40 of the outer housmg 16. The annu- 
40 lar space provided between mbe 57 and 
deeve 62 communicates at one end with an- 
nulus 32 (of outer housing 16), and at its 
opposite end with an annnkif chamber 63 
(provided by the body of inner housing 31) 
45 whidi surrounds channel 59. 

To the upper end of diamibcr 63, a chan- 
nel 64 is coupled, channel 64 leading up- 
wardly through the body 55 of the hmcr 
housing (orifice head assemb^) to the lower 
50 end of a replaceable dM^ 39 having a car- 
bide-faced dixoac 65. Choke 39, ^ose throat 
or passage 65 extends longitudinally of body 
55, is held in position at the upper end of 
mner housing 31 (and parallel to chdce 37) 
55 by means of a tiuraded nut 66, which has 
an axial opening theredirough and which 
threads into a tapped aperture at the upper 
end of housing 31. 
Fhiid from the upper Zone A flows into 
60 channel 64 by way of ports 17, annulus 18, 
side ports 19, channel 53 (past valve 23), 
bores 54, annulus 32 (in ^ch it flows up- 
wardly), the annular space within sleeve 62, 
and annular chamber 63. Choke 39, throu^ 
t' vrbldk all of the fluid from the upper zone 



passes, control the rate of flow of this fluid. 

The fluids from the two Zones A and B 
are mixed or commingled above (i.e., down- 
stream of) the two chokes 37 and 39 (see 
Fig. 1). This process may be termed sub- 70 
surface conuningling. 

It has previously been stated that the 
chokes 37 and 39 are caibide-faced; thus, 
they are made of an extremely hard material 
and have long life. Moreover, they are of 75 
standard size, so that predetermined pro- 
ducing rates for the zones can be set. 

The width (i.e., the vertical dimension) of 
the entrance slots 20 is less than the diameter 
of choke passage 60 in the lower zone choke SO 
37. Likewise, the width (Le., the verdcal 
dimension) of the entrance slots 19 is less 
than the diameter of dioke passage 65 in the 
upper zone diokc 39. This feature provides 
a screening effect for the inlet ports of the 85 
tooL Particles large enough to stop up or 
dog the chokes are prevented from entering 
the tool and then finding their way to the 
cJiokes, due to the smal size of the entrance 
slots at the inlet ports. 

It has been stated previously that the in- 
ner housing 31 (orifice head assembly) is a 
separate member, whidi is retrievably 
fastened in position in the outer housing 16. 
The orifice head assembly 31 is run and 95 
pulled independently of the outer housing 
16. The struaure for retrievably fastening 
assembly 31 in position will now be des- 
cribed. 

The running neck 40 of outer housmg 16 100 
has a diameter greater than does the main 
body of this housing, and at the Junction be- 
tween this neck and the housing main body 
there is provided a beveled (frusto-conical) 
surface 67 whidi extends outwardly and up- 105 
wardly with respect to the housing body. A 
plurality of elongated fingers 68, together 
formmg a collet 69, are mounted at their 
upper ends in a circumferential recess 70 
near the upper end of the body portion 55 110 
of the orifice head assembly 31. Thus, the 
fingers 68 are rather rigidly fastened to body 
portion 55 of assembly 31. At their lower 
ends, fingers 68 have inwardly and down- 
wardly-cxtending tapered surfaces 71 (com- il5 
plcmentary to the surface 67) whidi, in the 
locked position illustrated in Kg. 2, fit under 
the surface 67 of die running neck 40, to lock 
the inner housmg 31 m position in the outer 
housing 16, i.e., to fasten mner housing 31 120 
m position and prevent upward movement 
of the latter in outer housing 16. It will be 
remembered that fingers 68 arc rigidly 
secured to the mner housing body 55. 

C3K)kes 37 and 39, and retaining or momit- 125 
ing nuts 61 and 66, arc positioned in the 
running nedc or orifice head 31, ^idi is 
mtegral with or avedly secured to the mam 
body 55 of housmg 31. 

The orifice head assembly 31 carries a 130 
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puDing neck 72 which is slidable on the main 
body 55 of this assembly, so that it is slid- 
able with respea to the fingers 68, secured 
to such body. Integral with the pulling neck 
5 72 is a loddng sleeve 73 which surrounds 
the fingers 68 and, when driven down to the 
position illustrated in Fig. 2 prevents out- 
ward movement of the lower ends of these 
fingers, and maintains the finger surfaces 71 
10 locked under the surface 67 di running neck 
40. That is ta say, sleeve 73 serves as a 
locking means for the collet 69. 

When the loddng sleeve 73 is in the "up" 
or "numin^ or "pulling" or "unfastened** 
15 or "unlocked" position iHustrated in Fig. 3, 
that is, when this sleeve is ridmg on the up- 
per taper of the collet fingers, die lower ends 
of the collet fingers (Le^ surfaces 71) are 
free to move outwardly from under the 
20 running ncdc bevded surface 67> thus per- 
mitting verdcal movement of inner housing 
31 widi respect to the outer housing 16. 

The orifice head assembly 31 is run and 
pulled mdependently of the outer housing 16. 
25 As previously described, the tube 57 is adap- 
ted to fit into the bore of the outer housing 
16, and when the tube is in its ultimate or 
operating position, die O-rings 34 provide 
a seal between the outer surface of dus tube 
30 and the inner wall of housing 16, below the 
outer housing ports 54. Also, in the ultimate 
position of assembly 31, deeve 62 of diis 
assembly seats in the outer housing running 
ncdc 40. 

35 When going into the hole with the orifice 
head assembly 31 (assuming that the outer 
housing 16 has previously been locked in 
position in the hole), the loddng sleeve 73 
is hdd in the •'up" position (i.e., in the post- 
40 tion illustrated in Fig. 3, with thb sleeve 
riding on the i^er taper of the fingers 68 
which comprise collet 69) by die runnmg 
tool (not shown), vdiicfa is used on a wire 
line. When the running neck 40 of the outer 
45 housing 16 is readied by the collet fingers 
68, tb^ fingers spring out and pass over tlus 
runmng nedc There is enough flesdbility in 
diese fingers (whidi are rigidly secined only 
at thdr upper ends to the inner housing body 
50 portion 55, as previously described) to allow 
passing over running nedc 40. Sleeve 73 is 
at this time in a position sudi as to allow 
this ootwaid movement of the lower end of 
finger 68. 

55 When the collet fingers have passed bdow 
the bevded sifffacc 67 at the lower end of 
ncdc 40, the fingers retract (i.e., move in- 
wardly) and fit under this neck. By suitable 
manipulation erf the wire line equipment, the 

60 loddng sleeve 73 is then driven downwardly, 
to the position illustrated in ¥ig, 2, to fasten 
or lock the orifice head assembly in position 
in outer housing 16. In the !Rg. 2 position, 
the lower end of sleeve 73 dosely surrounds 

65 the lower ends of fingers 68 and causes sur- 



faces 71 thereof to engage bevded surface 
67 of running neck 40. 

In the locked or operative pontion illus- 
trated in Fig. 2, die 0-^gs 34 of the 
orifice head assembly 31 are in sealing posi- 70 
tion, and the O-rings 33 of this ass^nbly 
are also in sealing position, as described 
hereinabove. Then, fiow from the two zones 
or producing formations takes place inde- 
pendcndy in the manner previously des- 75 
cribed, with commingling of the two streams 
downstream of or above die production zone 
chokes 37 and 39. 

Once the naming and locking procedure 
for the orifice head assembly 31 has been 80 
completed in the maimer just described, the 
collet lock 69 can be rdeased only by run- 
ning a pulling tool (on a wire line) and jarr- 
ing up on the pulling neck 72 of die orifice 
head assembly (which moves sleeve 73 up- 85 
wardly> When this is done, the orifice bead 
assembly 31 can be pulled our oi the outer 
housing 16, which latter remains in position 
in the hole. Thus, the chedc valves 23 and 
24 (which are secured to outer housing^ 16, 90 
as previously desaibed) remain in position 
under these drcumstances, maintaming 
separation between the two producing zones 
at all times (it will be understood that 
packers 21, 22, and 14, which also remain 95 
m position, ccntribuie to this result). 

As previously mentioned, a separate test 
of one zone can be made whenever desired, 
by blanking off production from the other 
with a plugged choke bean. It will be xe- 100 
membered that this, with anodier production 
testi enables the operator to detexmine how 
much eadi of the two zones contxibutes to 
the total flow stream. This test procedure re- 
quires two round trips with the orifice head 105 
assembly 31. However, the collet lodk on the 
orifice head, the de^gn of the lower end of 
orifice tube 57, and the design of the run- 
ning tool, which acts as a certalizer, combine 
to make tlus a very simple wire^linc opera- HO 
tion. 

Recapitulating, the tool of this invention 
offers die major advantages now to be pre- 
sented. It conserves energy, by allowing the 
surplus energy from one zone to lift fluid 115 
from a we^:er zone to the surface; it opens 
the way for simple, relatively inexpensive 
concentric duals that can be produced to de- 
pletion without the disadvantages of casing- 
tubing annulus flow; it increases the daily 120 
production rate (where one zone is defident); 
it increases the total recovery; and, it reduces 
cost 

The multiple completion tool of this in- 
vention (whidi may be thought of as a dual 125 
fiow choke, since production from two pro- 
ducing zones or formations takes place 
dirough respective cfadces, prior to com- 
mingling) can be modified for use in dn|}e 
zone completions, ti^t is» m wells prodncmg 130 
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from a sin^e zone. In. such a case, tt would 
be used as a so<alIed bottomhole chol^ 
with a single carbide bean (choke bean) con- 
tamed in the orifice head assembly. In many 

5 wells, ^8 would enable elimmaticHi of die 
conventional surface gas heater, and pro- 
duction gains could be made. 

Reference should now be had to Fig. 4, 
which is a view similar to Fig. 2 but illus- 

10 sirating the modified construction. In this 
figure, elements tlie same as those of Fig. 
2 are denoted by the same reference 
numerals. la Fig. 4, the landing nipple 
aesembly includes only the knding nipple 

15 portion 15a, die ported collar 15b and the 
poHdi nipple 15c of Fig. 2 bemg omitted. 
In Fig. 4, the landing m'pple portion 15a 
is made somewhat longer than in Fig. 2, and 
bdow the "kw" recess 47 it is provided with 

20 a polished C3^drical wall, to enable a seal 
to be niade by the paddng means 22 which 
is carried by die outer housing 16. The lower 
end of landkg nipple portion 15a is pro- 
ved with male direads 74 which enable the 

25 lower end of this nipple portion to be coupled 
to the adjacent section of the tubing (not 
showj^^Packing means 22 seals the annulus 
18 above threads 74, and prevents the flow 
of fluid upwardly through sudi annulus. 

^ .P^^^^zbg valve 25 of Fig. 2 is not 
utuxzed m Fig. 4, so that in Fig. 4 the lower 
end of die outer housing 16 opens direaly 
mto the mterior of the tubing string. There- 
fore^ fluid from the producing formation or 

35 2Qne (^d) first flaws throng casing per-> 
forations into the casing-tubing annuhis 
a nd th ence mto die tubmg by way of pons 
therem or through the lower open end there- 
of, as previously described in connection with 

40 Fi^. 1 and 2) flows fro mdie mterior of the 
tubmg vertically upward mto the bwer end of 
the outer housmg 16 of the tool, and thence 
vertically upward in sudi housmg, timmgh 
the longimdinal bore therein. Packing means 

45 22 prevents the well fluid from bypassing the 
desired flow path provided thnnigh the bore 
of outer housing 16. 

The landing and locking means for the 
outer assembly or housing 16 is quite simi- 

50 lar to that described m connection with Fig, 
2y and operates in an exacdy similar manner. 
The aforesaid means is operated to rctriev- 
aWy lock the outer housing 16 at a piede- 
tetmined location in the tubing. 

^ ^. j° ^» * construction somewhat dif- 
ferent horn that of Fig. 2 is used for die 
orifice head assembly. In Fig. 4, die inner 
housiog or orifice head assembly 31* is again 
a member sqwiate from outer housing 16, 

^ "5^9 retricvaUy fastened in position in such 
outer housing. The substantially cylmdrical 
mam body portion 55» of orifice head as- 
seml^ 31^ 18 thickened and the prtmg-like 
tubular extension 57 (of Fig. 2) is omitted 

65 ITie lower end of boay portion 55' seats in 



the running neck 40 of the outer housmg 16, 
and this body portion of the assembly 31* 
carries a pah: of 0-rings 33, to provide a 
seal between die outer surface of this body 
and die inner waU of the running neck 40 of 70 
outer housmg 16. 

The body portion 55^ of orifice head 
assembly 31' terminates a short distance be- 
low die 0-rings 33, in a plane substantiaDy 
m alignment wkh the lower end of runnmg 75 
ne<* 40, Le., substantially in alignment 
wrdi the junction of this ruimmg neck and 
the lower portion of housmg 16. The body 
portion 55* of assembly 31' is provided with 
a central (axial) longitudmal bore 35 which 80 
communicates at its lower end vridi the longi- 
tudinal bore of outer housing 16. Bore 35 
provides a fluid flow passage dmnigh the 
body 55' of the orifice head assembly. Fluid 
from the single producing zone, whidi flows 85 
vertically upward throu^ the longitodinal 
bore in outer housmg 16, flows upwardly m 
bore or passage 35. Bore 35 extends through- 
out the entire length of body portion 55' and 
the upper end of this bore opens mto the 90 
lower end of a sleeve member 75 which is 
threadedly secured to the upper end of body 
55^. At the ujjper end of sleeve 75, there is 
mounted a replaceable dioke 37 having a 
carbide-faced duDat 60. Choke 37, throu^ 95 
which all of the fluid from the producing 
zone passes, controls the rate of flow of this 
fluid. Choke 37, whose throat or passage 60 
extends axially of sleeve 75 is held m posi- 
tion at the upper end oi sleeve 75 by means 100 
of a threaded nut 61, just as m Rg. 2. 

The structure for retrievably fastening the 
orifice head assembly 31* in position in the 
outer housmg 16, Lc., seated in runnmg neck 
40 of sudi outer housing, is caracdy the same 105 
as has previously been described in connec- 
ticm with Fig. 2, and inchides the collet 69, 
the lockmg sleeve 73, etc. Such description 
will not be rq)eated here. 

The bottom-hole dioke of Fig. 4 has several 110 
advantages, as compared to other chokes of 
this general categoiy. One of these is the ease 
of changmg the chbte means or bean 37. More 
pamcularly, running and pulling the orifice 
head assembly 31' of diis invention is faster, 115 
more cmam, and mudi simpler than running 
and p ulling the cbokebean-can^g mandxeis 
previously used as bottom-hole dtokes. To 
change the choke in prior devices, h is neces- 
sary to pull die entire tool; with the tool of 120 
this invention, only the orifice head 31' is 
pulled and rese^ the outer housing 16 re- 
maming in position in the hole. The om- 
struction of the present onvention also substan* 
tially eliminates damage to plastic-coated 125 
tubing, since nothing which cootacts the tub- 
ing need be pulled in order u> change the 
choke. 

Anodier advantage of the bottom-hole 
choke of diis invention is its longer hfe. Since 130 
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a mudi smaUer choke bean is used, there can 
be ecOTomically Tjscd (at 37) an extremely 
hard bean, which resists abrasion much better 
than die larger, softer beans used in conven- 
tional devices^ 

Yet another advantage is that running a 
conventiwial bottom-hole dioke through liquid 
creates a problem of liquid bypass, which 



Type However, it can be an "Otis T^pe 
J" mandrel or an "Otis Type B- mandrcL 
The orifice head assembly 31* can be run and 
15 locked In all of these mandrels. 



WHAT WB CLAIM IS:— 
1. A weE-flow control device adapted to be 
portioned in well tubing for controUhag the 
flow erf a fluid into the tubing from a pro- 
20 dncing formationj comprising an outer hous- 
ing having an opening for communication 
with the mterior of said tnbing means car- 
ried by ^ housing for ictricvaWy locking 
the same at a predetermined location in the 
25 tubing, paddi^ means for dosing the annular 
space between the hou^ng and tuHng above 
said opening, said housing having an internal 
flow diannel cattcnding upwardly fr«n its 
opening; an inner housing having an internal 
30 £id flow passage for communication with 
said flow channel and with the interior of 
said tubing above said paddng means; means 
earned by the inner houang for retrievably 
fastening the same in position in ssad outer 
35 housing, but allowing the withdrawal of the 
inner hoodng without the device fnun die 
well 

2. A device according to Qaim 1 wherem 
the inner housmg provides choke means 

40 located in the fluid &>w passage. 

3. A device according to Claim 2, wherein 
the choke means is positioned at the top of 
the inner housing, with the passage of the 
dioke means estSoding longitudinally of die 

45 fluid flow passage. 

4. A devke aocoi^ng to any ci the pre- 
ceding ^rfmein de choke m^s is re* 
movably secured in said inner housmg. 

5- A device accoxdmg to any of the pr&- 
50 "*^fag C^a™ vdicrein the opemng is across 
the lower end of tiie outer housing. 

6. A devke accordhig to any of Qdms 1 
to 4 whecdn die opening in the outer housing 
is a side port. 
55 7. A device according to Qaim 6, wherein 
the outer housing side port comprises at least 
one narrow elongated slot in the housing wbH, 
die vwddi dunensinn of said dot bang 1ms 
than die diameter of the passage m die dioke 
to mean& ^ . 

8. A device adapted to be positioned m 
well tubing for controlling the flow of fluids 
into the tubing from a plurality of producing 
formations, comprising an outer housing hav- 



ing a side port for communication with the 
imerior of said tubing; means carried by the 
housing for retrievably locking the same at 
a predetermined location in the tubing, pack- 
ing means for dosmg the anniilar space be- 
tween die houdng and tubing above and 
below said pon^ said housing having a fost 
mternal flow channel cxtendmg i^ardly 
from its side port and a second mtemal flow 
channel for upward fluid flow from beneath 
die paddng means which is bebw said port; 
an inner houdng having two intemal fluid 
flow passages for communicauon respectively 
with said first and second flow channels, 
both of said flow passages communicating 
also with the interior of said tubing above 
the padchig means which is above said port; 
means carried by the mner housing for re- 
trievably fastening the same in position^ in 
said outer housing but allowmg the with- 
drawal of the inner housing without the tool 
from the wdL 

9. A device according to Claim 8 wherein 
the inner housing provkles choke means 
located in at least one of the fluid flow pas- 
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10. A device according to Qaim 9 wherein 
the dioke means or eadi of diem is positioned 
at the top of the inner housing, with the pas- 
sage of the choke means or eadi of them ex- 
tending longitudinally of the fluid flow pas- 
rage in whidi the dioke means b located. 

11. A device according to Claim 10 where- 
in the outer housing side port comprises at 
least one narrow dongated slot in die housing 
wall, the vridth dimension of said slot being 
less than the diameter of the passage of the 
choke means communicating with said dot. 

12. A device according to any of Claims 
9 to 11 wherem in the case when dioke 
means are provided in each of the fluid-flow 
channels of the inner housing, the two dioke 
means are disposed paralld to one another. 

13. A device according to Qaim 12, 
wherein the two choke means are separately 
removaUy secured in said inner housmg. 

14. A device according to any of Qaims 
8 to 13, herein a resilient dieck valve mem- 
ber is provided in each of said channels of 
die iner housing for preventing downward 
fluid flow therem. 

15. A device according to any of Claims 
8 to 14, wherein die outer housing has a 
lovrer side port located bdow the packing 
means whidi is below the first-mentioned 
side port, said lower side port communicat- 
ing with the interior of said tubing and with 
said second flow diannd of the outer hous- 
ing. 

16. A device according to Claim 15> 
wherein the outer housing lower side ports 
comprises at least one narrow dongatol slot 
in the housing wall, the width dimension of 
the slot being less than the diameter of the 
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passage in any choke means comnmnicadng 
with the slot 

17. A device acoocding to Claim 15 or 
16 wherein the annular space between the 
outer housing and the inner housing above 
said lower side port is dosed by paddng 
means. 

18. A flow control device, comprishig a 
main flow control device and an amciliary 
flow control device which can be removed 
from the main flow control device without 
removing the latter from the wdl, for a well 
flow conductor having a longitodhial flow 
passage and a first lateral port communicat- 
ing with the flow passage intermediate the 
ends thereof, the main flow control device 
induding: an dongated mandrd positioned 
in the wdl flow omductar and provided with 
an internal flow passage for communicating 
at its t^per end with die flow passage in 
the wdl flow conductor and isndi a second 
lateral port intermediate the aids of iht man- 
drd for communicating with the eaLtenor of 
die mandrd and said intcmal flow passage 
and with said first lateral port; seal means 
carried by flie mandrd for seding betweai 
the wdl flow conducmr and ihe mandrd be- 
low said lateral ports, said mandrd having 
an aperture for conmaunicating with the flow 
passage of flie wdl flow conductor bdow 
the sed means; means carried 1^ the man- 
drd permitting flow in (me direction only 
into die mtemal flow passage of die mandrd 
through said second lateral port and said 
aperture; the audliaiv flow control device 
being ideasaUy securaole to the upper end of 
the mandrd aiid having means cKXending mto 
the said internal flow passage providing with 
said intemd flow passage, vdien the amuBaxy 
flow control device is secured to tiie main 
flow control device^ a first flow passage com- 
tnunicatmg with said second laterd port of 
the mandrd and opening upward^ into the 
well flow conductor above said first lateral 
port and providing a second flow passage 
commonicatrng widi sdd aperture and open- 
ing upwardly into the wdl flow conductor. 

19. A main flow control device according 
to Claim 18 wherein seal means is provided 
on said mandrd for sealing between the man- 
drd and the wdl flow conductor above said 
ports. 



20. A main flow control device according 
to Claim 19 wherein means are carried by 

the mandrel for rdeasably securing ^e man- 55 
drd in the wdl flow conductor and wherdn 
die auxiliary flow control device has means 
in each of said first and second flow passages 
providing restricted orifices of predetermined 
rdative sizes. ^ 

21. A main flow control device^ according 
to Claim 20 wherein said auzfliary flow con- 
trol device comprises a mbe extension tdes- 
copaUe into said mandrd and having its 
lower end communicating with the aperture 55 
of the noandrd. 

22. A main flow control device, according 
to Claim 21 wherein sed means are provided 
between the mandrd and the mbe extension 
disposed between said second lateral port 70 
and the aperture of the mandrd* 

23. A main flow control device, according 
to any of Claims 18 to 22 wherdn the man- 
drd is provided with a downwardly facing 
shoulder at the upper end diereof, the 75 
auxiliary flow control device having means 

for engaging the downwardly fadng shoulder 
to rdeasably secure the auxiliary flonr control 
device to the mandrd. 

24. A main flow control device according 80 
to Qaim 23 wherein a lock means is pro- 
vided on the auxiliary flow contrd device 

for holding the rdeasable means against dis- 
engagement from the downwardly fiidng 
shoulder. 95 

25. A main flow control device according 
to any of Qaims 21 to 24 wherein said 
auxiliaxy^ flow control device has a body pro- 
vided wiih a pair of upwardly opening flow 
passages^ one of said passages communicating 90 
with said second lateral port; and the oflier 

of said passages of the body commtmlcating 
with said aperture. 

26. A flow control device substantially as 
herein described widi reference to Figures 1, 95 
2A, 2B, 2C, 2D, and 3 or Figures 4A, 4B, 
4C, and 4D of die accompanying diawii^ 

PAGE, WHITE & FARRER, 
Chartered Patent Agents, 
27 Chancery Lane, 
London* W.C2. 
Agents for tiie Applicants. 
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